Commissioning has played important role in improved building comfort and reduced energy consumption. This paper presents an advanced form of commissioning for existing buildings, called Continuous Commissioning (CC), which has produced energy savings comparable to those produced by the traditional auditketrofit process at a third of the cost. It has also increased operating staff skills, reduced maintenance costs, and improved building comfort -"extras" which are not provided by usual retrofit programs. This paper will present the philosophy, process, cost and savings.
The first buildings to undergo a Continuous Commissioning process were in the Texas LoanSTAR program [Liu, et al, 1994, Claridge, et al, 19941 . These buildings had been retrofitted with various energy efficiency improvements, and measured hourly data were available to verify that the retrofits were performing as desired, and to analyze the overall building performance. The ESL engineers, using hourly data, site visits, and ESL-developed software [Liu and Claridge 19951 , then worked with the facility engineers to fine-tune the building operation. These efforts were so successful that another 15% to 30% of the annual building energy cost was saved --and these were in buildings that supposedly had all cost effective retrofits and operating improvements already implemented [Liu 19961 . been improved to optimize operations in (1) new buildings; (2) buildings where no dedicated meters record energy use data but EMCS systems are installed; and (3) buildings where neither an EMCS nor dedicated energy meters exist.
The ESL engineers have commissioned over SO buildings since 1993. The results show that by using existing HVAC and control systems, the implementation of ESL Continuous Commissioning procedures [ESL, 19971 can solve most existing IAQ and comfort problems, reduce building energy cost by 25%; and reduce costs of EMCS system upgrades and other energy retrofits.
PHILOSOPHY OF CONTINUOUS COMMISSIONING
We believe that building commissioning should be performed jointly by consulting engineers and the operating staff. The operating staff can provide invaluable information to commissioning engineers so that a cost effective plan can be developed. The operating staff can also provide numerous "short-cuts'' during the implementation phase of the commissioning plan so that the "job cost" may be surprisingly low. The partnership guaranties the satisfaction of operating staff with the commissioning work and The Continuous Commissioning process has the continuous optimal performance of buildings and systems in the years to come.
Optimal operation of a single component or system may not guarantee minimum energy cost since componenthystem interactions may increase other costs. Since owners are concerned with overall productivity, commissioning should not claim credit for "savings" which it achieves by reducing comfort conditions below those needed for maximum occupant productivity. Since the building owner pays for maintenance labor and component replacements as well as energy, the optimal combined cost of energy, maintenance labor and repair materials should be the priority of the commissioning engineers.
Hence we believe that the short term minimum gas or electricity bill is not the only goal of Continuous Commissioning. Continuous Commissioning is oriented toward total building performance with emphasis on energy management.
Buildings are subject to change: remodeling, office change-over, adding new equipment, and any thing else one can imagine. The existing optimum may not be the optimum for a new set up. Although the operating staff can handle the system properly to adapt to new changes, additional services from commissioning engineers are often a cost effective choice.
PROCESS OF CONTINUOUS COMMISSIONING
, Start with a joint team and develop a cost effective plan team consisting of both commissioning engineers and the operating staff or other owner's representatives. The team will set up the goals for (1) improving building comfort and solving associated problems; (2) reducing maintenance effort and decreasing equipment downtime; and (3) reducing building energy consumption. The team chooses a commissioning guideline and makes changes if necessary. An action plan should be jointly developed by the team to: (1) reduce construction time; (2) minimize interruption of normal system operation; and (3) maximize the building energy savings as soon as Continuous Commissioning starts with a the building. Methods which are being used in the industry include: (1) using utility bills for buildings where the electricity and gas bills are available; (2) using short term measured data obtained from either data loggers or EMCS systems; (3) using model simulation to develop a baseline; (4) using a calibrated model to develop a baseline model; and (5) using long term hourly measured whole building energy consumption data, such as whole building electricity, chilled water consumption and hot water consumption. The choice of baseline data will influence the accuracy and the project schedule.
team to document the energy savings, it is not necessary to perform long term measurements although the measured data are sometimes very useful for fault detection.
If owners do not require a commissioning
Commissioning a building step by step organized based on equipment present in a building: chiller, AHUs, water loops, lighting, and other equipment. For each piece of equipment or subsystem, the commissioning team should solve any existing problems, identify the optimal operating setpoint under current load conditions, identify optimal operating schedules for all load conditions, and then test and implement the optimal operating schedules. The operating staff should be part of the commissioning team.
The building commissioning process can be
Document savings
The savings can be documented based on the measured data or utility bills. The savings analysis will consider the impacts of weather variation and occupancy changes. The savings can be documented monthly, quarterly, and annually depending on the owner requirements
Provide on-going services
After completing the initial Continuous Commissioning services, the commissioning engineers should provide assistance whenever building operating staff needs help. This can avoid "disabling" the optimal schedule by another "expert" due to a misunderstanding. 
SAVINGS AND COST

Develop an energy baseline document energy savings after commissioning
Measured savings in 28 buildings
buildings. Twenty-eight (28) buildings have been
The CC group has commissioned over 50 A baseline model may be necessary to Table 3. Approach cost $1,000 to $2,000 $3,000 to $10,000 $3,000 to $10,000
Utility bill comparison Short term data with modeling EMCS data with modeling Statistical Model $3,000 to $4,000
The savings can be documented by comparing the utility bills before and after Continuous Commissioning. The comparison method used should consider billing period length and correct for weather variation. The cost may vary from $1,000 to $2,000 per building.
the annual savings, a simulation model has to be calibrated by using the short term data and the utility billing data. The modeling effort varies greatly according to data available, building type and size, and HVAC system and operation schedules. The cost varies from $3,000 to $10,000 per building.
When short term data are used to determine Averagc Cost $1,500 $5,000 $5,000 $3,500
When hourly data are available, a statistical regression model can be used to determine the savings accurately. The cost varies from $3,000 to $4,000 per building. The costs include the model development and database management.
COMPARISON OF METERING APPROACHES
Utility bills: quick and dirty and to report savings, commissioning can be performed as soon as the contract is signed. The initial commissioning can be completed in one to five months.
However, this approach has the following disadvantages: (1) the determination of savings can be very poor because the baseline model can be in error by over 10%; (2) it is impossible to determine increases in energy consumption due to increasedldecreased occupancy or increasedldecreased office equipment, and (3) it is hard to determine increasedldecreased energy consumption due to increasedldecreased system operating hours. For a performance contract, this When utility bills are used for the baseline option is not recommended for the protection of either the owner or the contractor.
Short term data combined with modeling: quick and delicate
When the savings arle determined by using short term measured data combined with model simulation, the commissioning can be performed a short time after the contiract is signed. The initial commissioning can be completed in onc to five months.
performed over a short term, the comparison of measured data before and after commissioning can be used to evaluate the impact of commissioning on the building energy consumption. Since the short term measurements can only be performed over a limited range of operating conditions, modeling is generally required to evaluate the annual savings. The accuracy of the annual savings determination depends on the expertise of the simulation engineers.
energy impacts of operating schedule changcs, internal load changes, andl occupancy changes. However, it may not be convincing when a dispute over the savings realized occurs.
When commissioning projects are
Modeling may be used to simulate the
Long term measured data: high quality but slow
When long term data are used to detcrminc the savings, a very accurate regression model can normally be developed from data which spans il summer to winter or winter to summer period o r longer. Consequently, the monthly savings can be determined quite accurately month by month. The impacts of operating hour changes, occupancy changes, and internal load changcs can be identified and separated accuratcly. Therefore, the actual savings due to commissioning can be determined with high accuracy. The long term monitoring will protect 
Project cost
metering, building commissioning, and savings reporting.
The project cost consists of three elements:
Metering cost
$20,000 per building, depending on the metering approach: using existing EMCS systems, shortterm metering, utility bills, or long term metering.
metering approaches. When an EMCS is used to measure whole building electricity, chilled water and hot water consumption with existing meters, the cost may vary from $3,000 to $5,000 with an average of $4,000 per building. This cost includes initial meter calibration, data trending, and data analysis. When portable meters or loggers are used to measure whole building electricity, chilled water and hot water consumption for a short time period (one or two weeks), the cost varies from $3,000 to $10,000 with an average cost of $5,000. This cost includes labor and travel (2 times) to the building, meter hook up, and
The metering cost varies from $3,000 to Table 2 summarizes the cost of different recording data for two weeks and the associated meter rental.
Utility bill data combined with ambient temperature data can be used to evaluate the commissioning savings. Cost of obtaining this data is essentially zero.
New meters can be installed to measure whole building electricity, chilled water and hot water consumption, or gas consumption. The metering cost may be as low as $10,000 when only whole building electricity and gas consumption are measured. Note that gas will be measured by adding a single splitter on the existing gas meters. The metering cost is about $15,000 for a building where chilled water and hot water need to measured. When multiple transformers exist, metering costs can easily be $20,000 or higher for a two year period.
Commissioninn cost
on building size, system type, EMCS system, existing operating conditions, location of building and owner's expectations. The labor cost has varied from 0.24 hr/kft2 to 20 hr/kft2 with an average of 3.59 hr/kft2 for 28 buildings (See Table 1 ). The commissioning labor costs were 4.74 hr/kft2 for 6 hospital buildings, 3.68 hr/kft2 for seven laboratory and office buildings, 2.26 hr/kft2 for five class and office buildings, and 3.29 hr/kft2 for seven office buildings. It should be pointed out that the EMCS systems present had significant impact on the commissioning cost. When an advanced EMCS is in place, the commissioning cost can be significantly lower than those where no EMCS has been installed or there is an old model EMCS.
The actual cost of commissioning depends
Cost of reporting savings
It is important to measure and document savings. The savings can be determined from utility bills, short term measured data combined with model analysis, or from long term measured both building owners and contractors in case a dispute occurs regarding to the energy savings.
The overall project cost may be much higher than the other two options when the building is smaller than 50,000 ft2. The incremental costs due to the metering installation may not be significant for a large building. Long term metering is almost always the best option for buildings with a floor area of 300,000 ft2 or more.
significantly delayed since more than six months data have to be collected to develop an accurate baseline model. The initial commissioning can be completed in one to one and one half years.
The initial commissioning can be completed in as little as three months i f the baseline model is developed by using utility bills. The detailed metering can then be implemented after the commissioning is under way.
COST AND SAVINGS FOR A TYPICAL BUILDING
However, the commissioning process is Since the metering cost and savings reporting are largely independent of building size while the commissioning cost is strongly dependent on the building size, the commissioning economics were investigated by applying the average cost and savings data to a typical hospital and an officebuilding with a total floor area of 150,000 ft2. activity, commissioning cost, metering and savings reporting cost.
The savings were calculated based on $0.43/ft2/yr for hospital buildings and $0.22/ft2/yr for office buildings. The commissioning labor cost was taken as 4.74 hr/kft2 for hospital buildings and 3.14 h r k f e for office buildings. The hourly labor cost was taken as $47/hr and travel cost was assumed to be $75 per eight hours labor.
were determined based on the average costs presented in Tables 2 and 3. approaches, the payback varied from 8 to 12 months for hospitals, and from 1 1 to 18 months for office buildings. Although the long term metering option has the longest pay back period, other options do not provide the same level of accuracy.
Although the long tierm metering cost can be as much as commissioning cost, the measured detailed data are very helpful to guaranty the accuracy of the savings calculation and some times are useful in helping the commissioning engineer to identify operating problems as well. 
CONCLUSIONS
Continuous Commissioning is a process developed by the ESL to: (1) optimize existing system operation to improve building comfort and reduce building energy costs; (2) solve existing comfort and IAQ problems; (3) guarantee continuous optimal operation in future years by operational staff; and (4) provide the optimal energy retrofit suggestions to owners to minimize retrofit costs.
buildings. The results show that by using existing HVAC and control systems, the implementation of ESL Continuous Commissioning procedures [ESL, 19971 can solve most existing IAQ and comfort problems, reduce building energy cost by 25%; and reduce costs of EMCS system upgrades and other energy retrofits.
Time to complete initial commissioning varies greatly with the metering options. When the short term metering option is used, the initial commissioning is generally complete in one to five months. The payback varies from nine months to 14 months for typical projects. When the long term measured data option is used, the initial commissioning is completed in one to one and one half years. The pay-back varies from 11 months to 18 months for a typical project.
It should be emphasized that long term monitoring can document savings properly for the following cases: (1) operating hours change; (2) internal loads change; and (3) occupancy changes. Therefore, long term monitoring provides protection for both building owners and the contractors.
